Species identification of f egionella in routine laboratory testing is hampered by the lack of highly discriminatory phenotypic tests. Amplification polymorphism of the intergenic 165-235 spacer regions (ISR) has been previously developed for identification of species within the f egionellaceae [Hookey, 1. V. , Birtles, R. J. & Saunders, N. A. (1995) . J Clin Micmbiol33, 2377-23811, but it did not provide enough resolution to distinguish all members of the bluish-white autof luorescent species and the red autofluorescent group of the Legionellaceae. By choosing new primers that target regions 4 (positions 1521-1541 of Escherichia coli 16s rRNA gene) and 6 (positions 114-132 of E. coli 235 rRNA gene) within the rDNA operon close to the 165-235 intergenic spacer, 34 profiles were determined among the 79 type and reference strains representing 42 species that were tested. Analysis of the RFLP generated after Hinfl restriction digestion of the PCR products further improved the method, allowing complete discrimination among the species and subspecies of f egionella tested. Twenty-three well-identif ied strains from unrelated origins belonging to seven species gave amplification patterns identical to that of their type strain. The technique was also tested on 80 field isolates that could not be unequivocally assigned to groups by phenotypic methods. Seventy-two per cent (58/80) of these isolates had a profile identical to that of a type strain, while 27% (22/80) may correspond to new taxa since their ISR-PCR profiles did not match any of the known profiles.
INTRODUCTION
The genus Legionella is represented at the present time by 42 species (2, 10). The recognition of Legionella species is based on the study of classical phenotypic traits including growth characteristics, biochemical reactivity and direct fluorescent antibodies typing (DFA) (19) . However, these methods do not allow differentiation of all species and 16s rDNA sequencing (10) the sole methods allowing the recognition of species.
Other genotypic methods such as ribotyping (5), arbitrarily primed PCR (AP-PCR) and random amplified polymorphic DNA (RAPD) analysis have been proposed for differentiation of Legionella at the species level (1 3). However, ribotyping is a time-consuming method and is not suitable for routine identification of Legionella (5), while AP-PCR and RAPD are hampered by their lack of reproducibility (15) . Amplification polymorphism of the intergenic 16-23s spacer regions (ISR) have been used for identification at the species level in various genera including Legionella (6, 8, 9, 12, 16, 17) . However, in the case of Legionella, the primers used by Hookey et 1  ATCC 51913T  ATCC 33297T, Greo9C3, Greo9C5, Tou129-16  ATCC 4941 3T  ATCC 35250T  ATCC 35999  ATCC 43 1 1 9T  ATCC 35298T  ATCC 33623T, BesacII-1, Ly95.96  ATCC 4975 1  ATCC 49505T, CF971-1, Frankfurt3, IP8-1, IB35-1, Gre5-1,  Mu1 12Al  MulhB26  ATCC 33462T  ATCC 33484 ATCC 332 1 8T, CF97I-2, PPAL, Virginia-1 L, Port111 10, Tou129-9, Aix73G9, ToulonVI-5, Tou116-5, Lug11124 ATCC 43877T, CoimbS20, NancII-1 ATCC 49506T ATCC 33761T, Aix31H1, Dign2C34, DiJo6-2, Greo8E18,
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METHODS
Bacterial strains. Seventy-nine reference strains representing 42 species (including 15 Legionella pneumophila) were tested together with 2 12 clinical and environmental isolates obtained from the French Legionella Reference Centre (Table 1) . Among these, 189 field isolates were previously tested by conventional methods (growth characteristics, biochemical reactivity and DFA with specific antisera prepared by rabbit hyperimmunization at the French Legionella Reference Centre, Lyon). The remaining 23 strains correspond to well identified strains from previous studies ( Table 1 ). All strains were stored in liquid nitrogen until used and then cultured on BCYE agar plates (4). Preparation of DNA templates for PCR. Chromosomal DNA templates were prepared from 72 h cultures on BCYE following a thermal lysis procedure (1 1). Nucleic acids were purified by the addition of phenol/chloroform/isoamyl alcohol (14) and precipitated by the addition of absolute ethanol. The pellet was vacuum-dried, resuspended in 200 p1 sterile distilled water and stored at -20 "C until used.
PCR amplification of intergenic 16s-23s rDNA sequences.
Primers FGPS 1490-72 (5'-TGCGGCTGGATCCCCTCC-TT-3') (located at nucleotides 1521-1541 of the 16s rRNA gene sequence of Escherichia coli -GenBank accession no. 501695) and FGPLl32'-38 (5'-CCGGGTTTCCCCATTC-GG-3') (located at nucleotides 114-132 of the 23s rRNA gene sequence of E. coli -accession no. JO 1695) were designed previously from multiple alignments of 16s and 23s genes of diverse bacteria (18) . Primer FGPS1490-72 is located three bases away from the 3' end of the 16s gene, and primer FGPL132'-38 is located 114 bases away from the 5' end of the 23s gene. These primers are complementary to the conserved regions 4 (positions 1521-1541 for 16s rRNA gene) and 6 (positions 114-132 for the 23s rRNA gene) within the rDNA operon and match the recommended positions to detect spacer variation at the species level (7). DNA templates (5 pg, 10 pl) were amplified in a 100 pl reaction volume that contained 2.5 U Taq polymerase (Perkin Elmer Cetus), 1 mM each primer, 0.2 mM of each of the four dNTPs (Pharmacia Biotech), 10 mM Tris/HCl (pH 8.3), 50 mM KC1, 1.5 mM MgCl, and 0.1 mg gelatin ml-l (Perkin Elmer). Reaction mixtures were overlaid with 50 pl mineral oil and heated to 95 "C for 2 min prior to amplification. Amplification was carried out in a PHC-3 Dri-Block cycler (Techne, Cambridge, UK) for 35 cycles. Each amplification cycle was as follows: 1 min (denaturation) at 95 "C, 1 min (annealing) at 55 "C, and 2 min (extension) at 72 "C. Controls were included in each set of amplifications, namely, a reaction mixture with no DNA added. Detection of the amplification products. Following amplification, 20 pl each sample was electrophoresed through 1-5 % agarose gel (FMC BioProducts) in 0.5 x TBE buffer as described (1 1 The patterns of the reference strains were compared visually and also by calculating the molecular size of each band. The abundant fragments are referred to as primary products, and the weaker ones are referred to as secondary products (Fig. 1) . The mean estimated molecular sizes and standard errors were calculated from repeated inter-gel ISR profiles of each reference strain. A maximum difference of 14 bp (L. anisa secondary fragment) leads us to conclude that the level of uncertainty in the calculated sizes of amplification products did not exceed 2-23 %.
Thirty-four type and reference strains showed distinctive ISR-PCR profiles. L. pneumophila showed a species-specific profile that was identical for the 15 serogroups (Fig. 2) . In several cases, such as the bluish- white autofluorescent group, ISR-PCR profiles corresponding to different species or subspecies were either strictly identical or closely related, i.e. within the range of standard error of fragment size (Fig. 3, lanes 1 and  7) . In such cases, the profiles were differentiated after Hinfl restriction digest of the PCR products (Figs 1  and 4) .
One hundred and thirty-two isolates identified previously by DFA (including 23 strains from the literature) belonging to 18 species were tested. ISR-PCR profiles obtained for each of these isolates were either Identification of Legionellaceae by 16s-23s PCR strictly identical or closely related, i.e. within the range of standard error of fragment size, to those obtained for the type strains (see Fig. 5 , which shows the example of Legionella dumofii). Although Legionella longbeachae and Legionella spiritensis ISR-PCR patterns are not, strictly speaking, species-specific (Fig.  l) , the majority of the other species tested showed no strain-to-strain variations (Figs 2 and 5) . However, intraspecies variations cannot be excluded for the species for which only the type strains were available.
The ability of ISR-PCR to identify phenotypically aberrant strains of Legionella was tested on 80 field isolates which were not formally identified at the species level on the basis of major cross-reactions using the DFA assay and/or atypical biochemical characteristics. These isolates mostly belonged to the bluishwhite autofluorescent group. Fifty-seven per cent (46/80) of these isolates showed profiles identical to that of a type or reference strain for which a crossreaction was observed by DFA. In 42% of cases (34/80), results of ISR-PCR differed from those of DFA. Of these, 12 strains showed ISR profiles that did not correspond to those of the type strains which gave cross-reaction by DFA, and 22 strains showed ISR profiles unrelated to any of the known profiles. These unidentified strains may correspond either to new species or subspecies or to a subtype within a given species.
DISCUSSION
Species identification of Legionella based on phenotypic traits is time-consuming and restricted to specialized laboratories. In the present study, we show that intergenic ribosomal PCR is a rapid (less than 2 d) and efficient tool for identification of the Legionella at the species and subspecies levels. Our results differed from a comparable study conducted by Hookey et al. (9) by the sizes of the amplified products and in some cases by the number of bands in the profiles. The primers choosen in the present study from regions 4 (positions 1521-1541 for the 16s rRNA gene) and 6 (positions 114-132 for the 23s rRNA gene) within the rDNA operon (7) were much closer to the ISR itself, and not surprisingly were successful in detecting spacer variation even between the bluish-white autofluorescent species (Fig. la) and the red autofluorescent species (Fig. 1 b) which are otherwise difficult to identify. By designing primers that match nucleotides 11 13-1 130 of the 16s rDNA, Hookey and co-workers have amplified fragments that were longer by nearly 400 bp, resulting in decreased efficiency to detect spacer variation by standard agarose gel electrophoresis. For instance, we were able to reveal subtle differences between size fragments of Legionella cherrii (681 f 2 and 604+2 bp) and Legionella tucsonensis (671f2 and 614f4 bp) (Fig. la) , which were not resolved between fragments in the size range of 1100 and 1200 bp in Hookey's study (9) . Analysis of the RFLP generated after Hinff restriction digestion of the PCR products further improved the discrimination between species or subspecies (Figs 1 and 4) . Hence, L. pneurnophila subsp. pneurnophila showed profiles that were distinct from those of L. pneumophila subsp. fraseri and L. pneumophila subsp. pascullei (Fig. lc) . Such discrimination can otherwise be only obtained by time-consuming methods such as DNA-DNA hybridization (3), or whole-cell protein SDS-PAGE (20) . Importantly, intraspecies stability of ISR-PCR profile was demonstrated for a number of species by showing that multiple well-identified isolates of a given species showed an identical pattern to that of the reference and type strains (shown in Fig. 2 for L. pneumophila and in Fig. 5 for L. durnofii) . In this matter, determination of fragment sizes and standard errors for each ISR-PCR pattern provided a convenient way of comparing patterns, since the level of uncertainty in the calculated sizes of amplification products did not exceed 2-2-5 %. ISR-PCR was also able to identify a collection of phenotypically aberrant Legionella isolates at the species level. In most cases, the species assignment by ISR-PCR was within the group of species for which cross-reactions were observed by DFA. This confirms the usefulness of the method in cases where definite identification cannot be easily obtained by conventional methods. However, a number of strains remained unidentified by this approach and may correspond to new taxa; these strains will be further characterized by DNA-DNA hybridization and 16s rRNA gene sequencing.
